Background: Long menstrual cycles have been associated with anovulation, infertility and spontaneous abortion. Elite athletes have been found at risk of menstrual dysfunction. We evaluated the longitudinal association between leisure time physical activity (LTPA) and menstrual function in healthy non-athletic women. Methods: A population-based health survey (HUNT 1) was conducted during [1984][1985][1986] in Nord-Trøndelag county, Norway, with follow-up in 1995-1997 (HUNT 2). The current study included 3,097 women, <45 years old in HUNT 2. LTPA was assessed by questionnaire in HUNT 1, and menstrual function by questionnaire in HUNT 2. Data focused on overall occurrence of menstrual disorders in the population. Results were adjusted for age, education, psychological health, smoking and alcohol intake. Additional analyses included BMI as a potential confounder. Results: The median cycle length was 30 days and median number of days bleeding was 5. In women with normal cycle length, mean (SD) cycle length and duration of bleeding was 29.3 (2.8) and 5.6 (1.7) respectively. Cycle length increased with higher frequency of LTPA for women >25 years old. Women, 20-25 years old at baseline who were active most days had increased odds of short cycles, more bleeding days and increased odds of having irregular cycles, OR=4.7; 95% CI = 1.2-18.0). Number of bleeding days decreased with longer duration (p<0.05) and higher intensity (p=0.065) in young women. Adjustment for BMI did not affect the results. Conclusion: Leisure time physical activity may affect menstrual function, although in our study, the results were modified by age.
INTRODUCTION
Menstrual dysfunction may be an important indicator of altered ovarian function and has been associated with increased risk of diseases such as breast and ovarian cancer, diabetes, cardiovascular disease and fractures (1) (2) (3) (4) (5) . Shortened follicular phases, manifested in short menstrual cycles (6) , have been associated with reduced fecundity (7, 8) and spontaneous abortion (9) while irregular or long menstrual cycles relate to anovulation, infertility and spontaneous abortion (6, (9) (10) (11) . Several lifestyle related factors, including high or low body mass index (BMI) or body weight (11) (12) (13) (14) (15) smoking (11, 14) , alcohol consumption (16) , recent oral contraceptive use (17) , marijuana use (18) , and stress (19) (20) (21) have been suggested to affect menstrual cycle length. Heavy caffeine consumption has sometimes but not always been related to increased risk of short menstrual cycles (18, 22) .
Female elite athletes have repeatedly been found at increased risk of menstrual dysfunction, such as secondary amenorrhea, oligomenorrhea and anovulatory cycles, compared with non-athletes (23, 24) . These observations have been related to alternations in energy balance in part due to excessive exercise (25) (26) (27) . The effects of less extreme activity levels, such as those more commonly seen in the general population, are not as well documented. We are only aware of a few published studies. These have suggested that increased frequency and intensity of physical activity are associated with longer menstrual cycles, fewer days of menstrual bleeding and lower risk of irregular cycles (12) (13) (14) 16, 28, 29) . However, the great disparity in the terminology used to describe menstrual cycle characteristics and physical activity make study comparisons difficult.
There is abundance of research available regarding the positive effects of regular physical activity for numerous health outcomes (30) (31) (32) . The potential effect of leisure time physical activity on menstrual function has however not been widely studied and needs further investigation.
The aim of this study is to evaluate the longitudinal association between leisure time physical activity and menstrual cycle length and regularity in healthy, Norwegian women participating in the Nord-Trøndelag Health survey.
MATERIALS AND METHODS

Study population
During the years 1984-1986, all residents of NordTrøndelag county in mid-Norway, men and women aged ≥20 years, were invited to participate in the Nord-Trøndelag Health survey (HUNT 1) and in 1995-1997 to participate in a follow up survey (HUNT 2).
Both surveys included questionnaires, health examinations and measurements of height and weight at a screening station. In HUNT 1, 74,977 (88.1%) of those eligible returned a health questionnaire and received a health examination. Of those, 39,393 were women.
In total 34,950 women participated in HUNT 2. Assessments at the screening station included a detailed questionnaire evaluating medication use, menstrual cycle characteristics, reproductive history and gynaecological surgery.
Subjects
In total, 24,837 women participated in both HUNT 1 and HUNT 2. Of those, 5,986 women were <45 years old at HUNT 2, and therefore considered premenopausal. For the prospective analyses we excluded women (n=2,889) who reported serious conditions or diagnoses known to affect capability for physical activity in HUNT 1 or conditions or diagnoses known to affect the menstrual cycle in HUNT 2, or with necessary information missing, as summarized in Figure 1 . Women who had given birth during the same year as they participated in HUNT 2 (n=99) or breastfed within six months of HUNT 2 (n=267) were excluded from the analysis as breastfeeding may affect menses (33) . Finally, we excluded 335 women who reported current or recent (within one year) use of oral contraception in HUNT 2 (17) . Thus, 3,097 women were included in the analyses.
Assessment of physical activity
Leisure time physical activity (LTPA) was assessed in HUNT 1 by self reported questionnaire filled out at the screening station (Table 1) . Based on reported intensity, duration and frequency of LTPA in HUNT 1 an index of LTPA was calculated for HUNT 1 (34, 35) . With division at the 33.3 th and 66.6 th percentiles of the index, LTPA was categorized in low, moderate and high levels.
The LTPA questions have been validated for men with good test-retest reliability and validity (36, 37) and partly in a small sample of women (38) where a positive association was found between reported intensity and oxygen uptake during exercise.
Assessment of menstrual cycle characteristics and reproductive history
Assessment of menstrual cycle characteristics in HUNT 2 included questions such as "Do you still menstruate?", and regarding the menstruation cycle in the last 12 months; "Have your periods been regular Hours of leisure time activity in HUNT 1 were estimated by multiplying the activity scores for frequency and duration and this weekly duration was then multiplied by the intensity score. Thereby, leisure time physical activity index in HUNT 1 = (frequency x duration x intensity).
during the last year? (Yes, No, Unsure) (Regular means that the periods lasted about as long each time with about the same time between them)", "How many days did your period last the last time you had your period? (Number of days)", "How many days did you not bleed between your last period and the one before that? (Number of days)" and "Have your periods stopped for more than 3 months during the last year without you being pregnant? "and in addition "Did your periods ever stop without you being pregnant? (yes, no)" Questions also included age at menarche, current and former contraceptive use, number and timing (year) of childbirths.
We defined a short menstrual cycle as less than 24 days, normal length (eumenorrhea) as 24-34 days and long menstrual cycle (oligomenorrhea) as cycles of 35 days or more (39) .
Primary amenorrhea was defined as the absence of menses by age 16 and secondary amenorrhea as the absence of three or more consecutive menstrual cycles after menarche and outside pregnancy and breastfeeding.
Covariates
Age, self assessed psychological health, education, smoking status and alcohol consumption were selfreported by questionnaire. Body mass index (BMI) was computed as (kg/m 2 ) from measured height and weight.
Statistical analysis
Cycle length and regularity for different levels of categorical variables were compared using the chi-square test. Differences in the characteristics between HUNT 1 and HUNT 2 were compared by using the chi-square test for differences in proportions for categorical variables and the t-test for differences in means of continuous variables.
We estimated the odds of having irregular menstrual cycles, and the odds of having short cycles (as opposed to all other cycles, normal or long) and of long cycles (as opposed all other cycles, short or normal), using unadjusted and adjusted logistic regression. Parameter estimates were obtained by maximum likelihood and odds ratios (OR's) generated for irregular cycles, short cycles and long cycles with 95% confidence intervals (CIs). The association between cycle length and number of bleeding days and the physical activity variables was examined using multiple linear regression, adjusting for potential confounders. We tested for trend over levels of physical activity by assigning a value of 0, 1 or 2 for low, moderate and high level, and then treated this score as continuous. If adding /removing a factor to a model changed the estimates for the physical activity factors by 10% or more, we would consider that factor as having a confounding influence and include it in the model. All two-way effect modifications were examined.
Based primarily on a priori considerations, we considered the following HUNT 1 measurements as suspected confounders: age (quartiles), smoking (never, former, current), education (<10 years, 10-12 years, >12 years), alcohol consumption during last 2 weeks (none, 1-4 times, 5-10 times, >10 times), and self assessed impaired psychological health (yes, no).
Women with an unusually high or low BMI tend to have a greater frequency of menstrual cycle disruptions. Because women with high or low BMI may be less or more likely to be physically active (40, 41) , BMI might be considered a potential confounder of the relation between LTPA and menstrual function. However, BMI can also be considered an intermediate variable in that activity could affect BMI and thereby the risk of menstrual dysfunction (42) . We therefore did not include BMI as a covariate in the primary analyses because of its suspected role as an intermediate variable and its inclusion could then bias the estimated association between LTPA and risk of menstrual dysfunction. However, to assess whether inclusion of BMI affected the association with menstrual function, we subsequently conducted additional prospective and cross-sectional analyses that included BMI from HUNT 1 and HUNT 2 respectively, treating it as categorical (World Health Organization categorization of under-, normal-, and overweight and obesity) (43) .
Ethics
The Norwegian Regional Committee for Medical and Health Research Ethics and the Norwegian Data Inspectorate approved the study. Permission for data handling was provided by the HUNT research group.
RESULTS
The mean age of the study population was 28.1 (±3.5) years in HUNT 1 and 39.2 (±3.4) years in HUNT 2 (p<0.01). Primary amenorrhea was reported by 107 (3.5%) women. Regular menstrual cycles were reported by 89.9% of subjects, normal cycle length by 80.4%, short cycles by 5.9% and long menstrual cycles by 13.7% of the women.
The median cycle length in the whole sample was 30 days and median number of days bleeding was 5. In women with normal cycle length, the mean cycle length was 29.3 (±2.8) and mean number of days with bleeding was 5.6 (±1.7).
Menstrual cycle length and regularity in HUNT 2 by characteristics measured in HUNT 1 are presented in Table 2 .
Significant effect measure modification was found by age in the relationship between frequency of LTPA and menstrual cycle length. In the youngest age group, cycles were shortest in women with the highest reported frequency of LTPA ( Figure 2 ) and odds of having short cycles for those who were active most days compared with those who never participated in LTPA was 3.1 (95% CI = 0.6-16.6). Among women over 25 years of age, associations between LTPA and cycle length tended to be weak, and lacked statistical significance (Figure 2 ). Compared with low intensity LTPA, the odds of having a short cycle were lower among those with moderate intensity (OR =0.3 (95% CI = 0.10-0.98) in the youngest age group. On the other hand, neither duration nor the LTPA index was strongly related with cycle length. The association of long cycles with the LTPA variables was quite weak and odds ratios close to 1. Inclusion of BMI in the models did not affect these estimates meaningfully.
Irregular cycles
In 20-25 year old women, the odds of having irregular cycles for those participating in LTPA almost every day was nearly 5 times higher than the odds for those never participating (OR =4.7; 95% CI = 1.2-18.0).
In 26-30 year old women, the odds of having irregular cycles in those with a high level of the LTPA index compared with a low level was 1.7 (95% CI = 1.0-2.8).
We did not find a strong or significant association of irregular cycles with reported duration, frequency or intensity of LTPA in the oldest age group. Occupational activity was only weakly and not significantly associated with irregular menstrual cycles, irrespective of age groups. Further adjustments for BMI did not meaningfully change the above results. 
Bleeding
In the youngest women (20-25 years old at baseline), the mean number of days of menstrual bleeding tended to be lower for those with higher activity levels. However, the pattern was not monotonic, as women who reported being active on most days, had more bleeding days than those with less frequent activity participation (Figure 3) .
The number of days bleeding was not found to be strongly associated with the LTPA measures in the older age groups in our sample. The relationships between bleeding and LTPA was not affected by analytic adjustment for BMI.
DISCUSSION
In this study we evaluated the longitudinal association between leisure time physical activity and menstrual cycle characteristics in healthy, premenopausal Norwegian women. Among the youngest women in our study, we observed that higher odds of irregular menstruation, shorter cycles and more bleeding days were associated with the highest frequency of LTPA. We also found some indications of a higher prevalence of irregular cycles in 26-30 year-old women in the highest LTPA index level.
Our results mostly agree with the few previous studies regarding the effect of physical activity on the menstrual cycle in the general population, were physically active women have been suggested to have longer menstrual cycles than more inactive ones (12, 16, 28) . These findings from population based studies extend on reports of higher prevalence of amenorrhea and oligomenorrhea in athletes than the general female population (23, 24) . The subjects in the current study were older than the subjects in some of the previously published studies, and very few reported extremely high levels of physical activity. Our study did, however, include a relatively large number of women reporting no activity or very low activity levels (almost 40% reported a frequency of leisure time physical activity participation of <1 / week). Although we found indications of longer cycles in the more active women, risk of long cycles was not associated with activity and the observed association in our sample may not be of clinical importance. Perhaps of more concern is the observed association between higher odds ratios for irregular cycles with increasing frequency of activity. Irregular menstrual cycles may relate to anovulation, infertility and spontaneous abortion (6, (9) (10) (11) . A recent study has found highly active women from the HUNT studies at higher risk of infertility than moderately active ones (44) .
The association between low physical activity and more bleeding days has been reported previously in some (13, 29) but not in all (28) population based studies. The reason why young women who report being active on most days were found to have more bleeding days than less frequently active women in the same age group is unclear but some unidentified confounding factors (e.g. parity, stressful life events or body weight change) may play a role. This tendency was not reflected in the intensity, duration or LTPA index.
Menstrual disturbances in highly active women have been suggested to reflect oestrogen deficiency due to low body weight, weight loss, or excessive exercise (25) (26) (27) 45, 46) . In the current study, adjustment for BMI did not significantly alter the observed relationships between LTPA and menstrual cycle characteristics. Thus, the effect of physical activity on menstrual function may act through a mechanism that does not involve BMI to a significant extent, although it is difficult to separate direct from indirect effects (47) .
The current study is population based, and it had high attendance rates. The prospective assessment of the effect of HUNT 1 physical activity on subsequent menstrual cycle characteristics hopefully contributes to avoiding potential selection bias and reporting bias of activity levels that might occur in a case-control study. However, there were possible limitations. If LTPA levels changed between HUNT 1 and HUNT 2, we would only have limited ability to estimate the effect of more recent LTPA on menstrual cycle characteristics; this could be particularly relevant if changes in LTPA have an immediate effect on menstrual function as has been suggested by previous research (48, 49) . Although different questions were used to assess LTPA in HUNT 2, there are indications that 2-4% fewer women were inactive in HUNT 2 than in HUNT 1 (50) . Even if these numbers are not large and it is possible that if measures of LTPA would have been closer in time to measures of menstrual function (HUNT 2), more subjects had reported higher activity levels and this could have affected our results. Information on physical activity was obtained by a self-reported questionnaire, with possible misclassification of activity by age, social-, and seasonal variations (51) . By use of questionnaire, subjects may overestimate their activity levels (52) . However, the HUNT questionnaires have been validated and associated with physical fitness (36) (37) (38) . Also, it seems likely that any measurement error in the assessment of LTPA should not depend on menstrual status 10 years later and would often tend to bias results toward the null. In addition, if nonparticipation in HUNT 2 was jointly associated with physical activity and disturbed menstrual function, bias could have resulted. Further, we cannot exclude possible bias due to missing responses on questions regarding the menstrual cycle. In particular, a bias may be present if the subjects excluded from the analyses due to missing answers differ systematically from those who are included. Further, the cumulative effect of missing data on LTPA or menstrual cycle lead to excluding substantial number of subjects which may contribute to the weak associations found in our study.
In the current study, we focused on the overall occurrence of menstrual dysfunction in the population. Validation studies have found mean prospective cycle lengths to be longer (53) and more dispersed than the self-reported lengths, particularly in women under the age of 30 (54) . Although all the women in our sample were more than 30 years of age when reporting cycle length, some misclassification may have occurred. If this misclassification did not depend upon LTPA levels, our estimates of the relationship between low LTPA levels and long menstrual cycles may be conservative assessment of the true average. Young women that choose to live in Nord-Trøndelag (and participated in the study) are probably less like to have a higher education than those who have moved away (and therefore did not participate) and women with higher education may be underrepresented in our sample.
In summary we found that menstrual cycle length tended to increase and number of days with bleeding decrease with higher frequency, intensity and duration of leisure time activity levels. A different pattern was observed in young women in whom a high frequency of leisure time physical activity was associated with higher odds of irregular cycles, shorter menstrual cycles and more bleeding days. Although some of the effects of exercise on menstrual function may have latency period of less than 10 years, these results are in concordance with earlier findings that high levels of exercise may influence the female reproductive system and thereby affect risk of hormone-related health outcomes later in life.
